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SOLUTION: An active layer 206 is formed in a multiple quantum well structure 
in which a quantum barrier layer 2061 whose film thickness is about 5 nm 
constituted of A10.95In0.05N and a quantum well layer 2062 whose film thickness 
is about 5 nm constituted of A10.70In0.30N are alternately laminated, that is, 
in which totally 13 layers are laminated in totally 6 cycles. In this 
semiconductor laser 200, a quantum well layer 2062 with a high indium(In) 
mixing crystal rate is formed so that the uneven distribution of InN 
composition inside the quantum well layer can be sharply suppressed. Also, the 
quantum barrierlayer 2061 and quantum well layer 2062 with the high indium 
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voltage(oscillation threshold), and to manufacture a satisfactory semiconductor 
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laser whose operation life is long by the relaxing and reducing a heat stress 
or a driving voltage. 
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i i &m±t i ummjMt&to*m# 

All-, I n, N (0<xgl ) i O^^M^FlSr 

#tsit*«at-t6 1 1 1 mmmfc&fcmwt 

Ah-:-, Ga, I m N (OgySl , Ogz<l, 
OSz+yg 1 ) 

mziithzttimt-t&mmizimc?) mass 

[fS!#JS3] mMyWMln)mt)txli* { 0. 

*m 2 (££«*> 1 1 1 t^mwt&wmit&m?. 

. r y=lj. r y^l j X«i r 0. 9<ySlj Zffifc? 
ZkiftWiktl ffl%m 2 X«iiS*a 3 izifflw mm 

->A(Ga)$U£ity. ttSM VS*>.MIn)|MUfcz 

a, 

r y=0. Oiz<xSl j , 

r y^0, OSz<xSlj X«i. 

rosy<0.1. 0£z<x£l j fcjflfc-Mfcfcfca 

ki-m*mxmmm3izMm<?> lwsmxum. 

r z = 0j, r 2S , 0 jX« ro^z<0. 1 j SSJfc-r 
£ i: t «fat a*JS 2 T^^IS^Jg 5 <ofl*i*» 1 Mz 

InmJilL lOnmOTT'fc&ClfcfcfttSt-t&lM 
3f 17!>Mf»^60l5Fil*>l«fca«0 in&gfMjjjR 

[18**8] ffiE*?#FB*>MWi. 

nmmxm i omui* 1 mz%m^> 1 1 1 MttftMSM:* 

3nmULh. 1 0 nm&TTS>&Zk &Wikthm$ 

m 2 jbmmxm 8 contiv 1 Jifctsao 1 1 1 %mm& 

[ mxm i o ] misfit #fji . x« fnraatF BfiB 
icttt&vmmmt lx. u > ( p ) . ats ( a 

s ) . rmv (Sb) . X(it'x^^ (Bi ) £8§ 
frffi*^#F«» XJimfia^KSilw^ ( N ) 0)— 

^maymmumx-mwi u:£ t m®k?m$m 



(2) #18200 1-1 60627 
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i^ss*«9««ft.*»iafc:i!a«) m^-ftfe^t 

?A (T 1 ) tMvf&Zklz]:*). 

mm^ftpm. xummimmm<?> mmm (a 
i , Ga. i n) co-mmi mmrnvrnx-mmuz 
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fcffitt*> 1 i 

10 ltt#JI12] ffiE-fy^AdnJiUSttxtt. 
ro. 1 5 S x go. 6 j Srg^'tC t £#®i: -f^Wm® 

mmmi \<r>nti^imi,zim<n inwrnsm 
msmi 3 ] mm y^Min)mutxit. 

r<>. 15Sx=S0. 5j i:*1«Si:-fSift#I 

[ ift&B 1 4 ] M£S^#FJf <OJB?J»i. 
2nmULh. 6nmVJ.TTb&Zk$¥mk?&mm 

20 i j^mb* « 1 3 coMii* 1 1 « te«<o 1 1 1 wmim& 

[0001] 

{wmm-thtm^m *wm. mteo±.iz mm 

fz¥mw.mtm^zm^z>. m*>. *smt. led* 
u~f m *- y ( l d ) nun mt&mm&m- 
mmtm^zmmthzktfX'Zh. ttz. 
mmntimQM&nxf-XFmtt-ri mm 

30 2^3lft^lHI^*«3^t»LT*v^*<«»« 
[0002] 

lWt<mm 01 0(i. fi!*«jStJ:l>^fift^#F 

v>mm%mwmx'hz>. mmznmz. mk<?> in 

ttBflai^ft^NSftffeJiaiH 1 ( L D . LEDf)t 
fe^TJi. ^Sfi^#F9 0 0 ^ffifig-f&fi^#FiIq 
w n ( n = 1 . 2 ) fCli, g-fb^ H *? \UA yiSVA, ( G 
ai-,b I n, k N ; 0.10<xb<0.25) ttz. ft^KM 
40 «qbm (m=l, 2. 3 ) Ctt. S-ft^';«7A (Ga 
N) *\ =g-^ffl^<bilTV^„ 
I o o o 3 ] a mz. W^3fe^*^#FJI^»« 

■fSfei^tli, iia^-fy^AdnJfitfeltxbfi. 0.15 

JttS±Kffl<iffSt*<feS. ftoT. nco±E8 
ffiS 1 k Lfc*£IC«. #-*?#F ( SQW) flBtW 
1 1 1 SiaftftjRft^fliimtfrJftJKJpF ( L D . LED 

m &mfctizki>-5imx-h&. 

[0004 ] 

50 imtffmi&ok-thmMi znt><?m*<?)tm# 
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(3 

3 

(HHjSI ) fi^Fifqwnco^l^fC. COifff 
[0005] (fflOj£2 ) fBKSR^rtUIKtt. ¥S* 

t, v&Hwmtb. m&>mm=F (mm) a. c 

©flflllc J: 0»f^#^A^< &->T L4 o . 
[00 06] (ISWjft3) IWW«5 0nm 

£fctt, £Ojre#F«WllWj^*fc?f(-vfctf>, Si 1 

»twt*nHk-r*«i*i*«*->fc. 

[0007] JJE^WKtrftf-i^lctt 20 

CULT. ffc^O»Ktf>i&LL«:B9. *#**<U 

4*, shoe <5hslsv*«) *«T3*4ii:T* 

[0008] 

a, fflRo±t 1 1 1 ®m.immt-&to*mfofr 
m.^m^mmmLtz^mw-mm^za^x. ai 

i-. I n, N (0<x=£l ) £<OtfLZ>S,=F#Pmffil 30 
&ZbX'h&. 

[00 09] ifc, ^2cO*g{4, JJB<0*1<0#SK 
ti^T^ifttFIt, Ah-z-,Ga, Im N(0 
£y£l. 0Sz<l. OSz + ySi ) J: 9 

ztx-hh. 

[00 10] *fc. ^3cO#S{4, JJB*>*lXtt»2 
<0#St*3^T. Vy^AOnJffl^Jtx^ ro. IS 
xSlj k^S-IkX***. 

[00 11] SS40#&{4, JJEtf)* 2X14*3 40 
<0^Rfc*$vYt. #'J«7A(Ga)«j£Jty£ r y = ij , 
ry^l jX« <"0. 9<y=£l j t-f4ifcT»4. 

[0012] m5<o#g«. ±s&M2xam3 

a)fflfiKJty. 2Uf. ^y^A(In)M«Jtz2: r y = 
0, 0^z<xglj > r y = o, 0gz<xgljX 
tt, r O g y <0.1, 0Sz<xSljttKkT*, 
5. 

[ o o 1 3 ] ifc. m<v$mt. m.mim.^ 
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mfiLh . 10n mOTfc-f* £ k "CfcS . 

[ 0 0 1 5 ] SS8?>¥Rtt, ±SWm2JbW&7 
<mtifrl-o<r)5-mziiUX . *^#FBW«i:$:3il 

[ 0 0 1 6 ] 3S9<7)#R{4, ±E0>*2;*2»8 
<mixfr 1 o<7)#R£fcV>T . MflSSEW&JfS- 3 n 
mJilb. 1 0 n millTK-f !> i k T*S . 

[ 0 0 1 7 ] 4fc. * 1 00^8(4, JdEO* 1 7^ 
9<OM<t*»lOfl>*at:J3^r. S?#FJf , XU«* 

PMHitaw* vjs^iDft k tx . >j y < p ) . at* 

(As) . 7yft> (Sb), Xlit'XVX (Bi ) 
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Jtx£ ro. 1 5^xS0. 5 j tf«ikT*4. 
[002 1 ] Ht, ^ 1 4c0#g(4. ±IBcom 1 
1 3<0Mft*»lo<^Rt:*JV^T, *^#FJiOiW* 
2nmJJUi. 6nmJ3lTKi-4C4:T*6. 

[ o o 2 2 ] h i a. *m&±Mmmz xzm® 
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imjMt£®zviR&¥mmnmm%}Biwmx'*> 

ftfc IIIi^tt^^Ni*«JK*?(LD, LE 
D») #M4^#F (MQW) SrM^I. 

4^#F«QWn ( n = 1 , 2 ) ttt. S -VM. ■ 
4>iS*7J>3& r A 1 I n,„N (0<xn^l ) j 
4fc. «^»M«QBm (m=l, 2, 3) fctt. 
T/US-^A • ^'U^A ■ vV'^Ag* r a 1 
i-za-ya G a y « I iinN (O^ym^l, 0Szm< 
1, Ogzm + ymSl) j A\ 
[0023] fcfc'U ±ie^S^#FlQWn«i, 27C 
OI nN (xn=l ) i 0»*LTt»fiv\ 4fc. ±IB 
<^*^©ll«QBm(i, 27C^)GaN (ym=l )■»?>, 
27nC0A 1 N (zm+ym=0) £*)M&.LXi>&< . 
^^{4, 37C^0GaI nN (zm + ym=l ) ^, 3tc 
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<7)A 1 InN (ym = 0) *5>. 37E<7>A IGaN ( zm 
= 0) £9ftftLT<>Jlli. 
[00 24] Hz. IMicOn, mfc*W-*-hHtt < N. 
M) ttttST&S. Sot. ffl;Uf, n<0±IB<i£ 1 b 
Lfc*£fcli. *-*F#F (SQW) ffljSW iuftB 
MHHteWFftftftKft? (LD. LED3?) 

tt. Lt«-W44^. Hi. fti-Lffifcffiftf* 
I^BMIQBM (fcfc'U MttmOfcfett) ftT 
«*HMMIQBUCOHTtt. *«0ftW*W<-r* 
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F (MQW) fcflWcLTi&O. 
[ 0 0 2 5 ] * fc , ±Ec7)4i i #F«QWnSU r ft^ 

[00 26] 

[fMJ&lf*9joft»] B2U. J*F#Fft***«)I 
n#*ffift*p (ftftffft) I nftAitxfcOWfl* 

»^&ftWftftfctSIWt*Stf ISAl£«A 
frfctffctftfFft&tfftfcllJgU I n#*«&fip£ii 

titra (Pb -p. ) cffot. -eo^^a (s?#f 
i) rt^y^A(in)auutx#it6irr*. z<m* 

02tC^-r«('. 4 >-^A(In)ig B B aitx£OtijD{C^o 

h. 

[oo2 7]ip*>» z<r>mtcwunza^x\i.. B2tc 

jjtfftfc. »VW yS^-MIiOftJUt ( Xa ) C0fi^-# 
FftfcJBJfcLfc** 1 . ftVW y^A(In)?I B B B Jt 
( xb ) 0*F#F*Sr»J«-ri iH I n NfflfiJtf^ 

[ 0 0 2 8 ] 03 tt, MrWFHWO F*-v 
/Wf- k ¥»Kftfl4>«* Jgfti: afttt *S*-/9 7T' 
**. *H3C*«t. «itf. #fe&fttf>M?#F 
■ *ISft«*$-e-4«*, ft?#FJI£A 1 I nN*>ii 
JBfcLfcfirtf. ft?#Fl£Ga I nN J: 
ftvW Vi^-MliOftfttt (x. ) «9»?#FJI 

^#Fl£& a e B )£«$-ltl>i§-£, HtrfS^Pflfl^. l 
^-ifcWCtt. ltE*>»N*f(roft<Cft?#F]|£Ga 

i nNm^mmi<oxn^< , i^#FJi£A 1 i 
h. 

1 0 0 2 9 ] Svw y^AMik ( x a ) oft 
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?#pmZBf$.?& i t J: "5 . S7#FJf <7>f8^5a& 
t**<-r*it*TC**i:*lc. *P#F«£Jt&W 

#FftO*«ttfc J: 0 . #*ftft*#FrtK«9-f*» 

9 himtzmtitbzkifi?* 

fc*>. «KOBI^2*jW»t*Ci:* t Brififc*6. 
[ 00 3 0 ] fcttU JjLtOfWflWgitt. *< 4Tt>« 
«ofti*jft4-c«XRR (fS^SlaiK) ?*»). &fc*rf 
*offlW>fWraHH (JWjHAK) fc-HMcft9£o*Tft 
10 1&fit>bi>0>b*tt>tit. 

I nNH, #&0JfcOA 1 I nNtcSfcofcCfctCk 
0. iiftOTftBi^R7^*&7/U5-?A(Al>j!f«ft 
^#F«O^Ae2rKs'), ZMzk^X. SI?<Dl*jg?JS 
flfc i 4*^FJl^«l««^*Bt:IWflTSfcfe 

ft. ftfl#fti«<*->fci:V.3ft;Ure**. 
[003 1 ] ii.HL. ZZX\ bhhffWfiTLL^tP 

bWiztv±£. wbxsss^ztit. *me&® 
20 cjt y*Kmm&+#M*t>tiibw$im. bp 

[00 3 2] Hz. M^Fl^A li-, In, N(0 

oT*iJffll (MB) -thZbifi^btch. EP*>, ^OJl 
^» 4 VS/*A»*ttx***< ■*-*«. ^OM^#F 
»JfiT*«. ifttciO. »^#F1^ 

30 ^Itt^cO. ir>T. M^#FlOSSS^ffl«Oft 

[ 0 0 3 3 ] N. «ffi<*MB*l»aRfc«£tf , St. W 

li. SQW«Bfi<o»JI£*?fci3i,vct>. isctm 
*F#F«QWn<0«R ( nWM) (ifflSC 

(2Jii±) -cfti^ioaiLv^^ifefti. mt 
a. mioMQwmmzis^xii. s^#f«qwi 

tt, **#F«QW2fc*tUCT2r<QBlM) J: Oil 
40 «. *^#F«QWKC^LT±^r (QB31U) J: 9ft 

<mztmthWfczmhi><?>biiithtib. 

[ 0 0 3 4 ] 4fc. ftitf. *^#F«OS^3aflS)S 
0#ttM^#F (MQW) flfitfeftfflUfeft^Ktt, 4> 
*KftftSiifc*f#Fftt*tLT±TJ: 9ft*»6JJB 
OJ6**». £<D+*<Oft?#F«O±TfcffiaW4ffl0> 
**F#FftfcJ:9*«Klf»Sft4. 
#FlQWn<7)«Sli, **^SiOffi*«»fliffl&J: 
9«Slfc:f»*Ci:* J -C*S. ^c'L. M^#FlQWn 
colScti. #ft«0JHWl= fffel OlgST'^ 

50 ^ffl^mfitawfs. c:««ifb6**saar4 
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k. MQwjSttii<7)jgj£i$fia\ ■<$'&® (mm) <r>& 

1 0 0 3 5 ] 4fc. JJE«0J6**±±fc. ffifck , n&ai 

1 1 i^<m%tt&wm#t <n&jm&$w 
ztizx*). hd*>. muz&\,^m#mit\ 

#l>.rkA<-C'l<6. 

[0036] tMot. ffli-if r x 1 §x2^x3^ -g 10 
xNj ^ r z Uz2gz3S-2zMjf«rjrfiW 
lzLX{>&\,\ Z<r>m%ffimz£tM. r x i< x2 < 
x3<- <xNj «r z i< Z 2<z3<'"<zMjf 

[0037] ggo»i. 4fc, r x is X 2Sx3 
= x4gx5Sx6j J ?>rzUz2Sz3 i Tz4^z 
5gz6gz7j ^fO«*«*fcLTfcJ|V^ dcO«^r 
®mzi-h.tf . !S«vSffil^K^l5:aS'^vg1tJiO?Hil 
<0Jf OfcW F«*75-y FJB3S) fcifinJB <*HH«9JI 20 
7#FJlX{2ft^|tfgJI) «ik'. JJE<0J6*»fd«0ftffl 
**S<«rfc#4.rka t -C&*. £*i4>*)¥i£tt. &tt 

[00 3 8] J3Lh<o«fc. 4 v*J*t AMStitx, z{i. 

-> t . ie«wxttffi«tt<cai5^r 4 ; k a*e* s . 
[0039] zcozba. mTXprn^m^wmom 
mizmixmrnx-bh. ztM. 4>wj>$:§><% 30 

[0040] it:. A y^AdnJffl^JtxSr ro. 1 

*k-r*wa«*ffl«Bifi«*o* (raft) *aj*-t 

[ 0 0 4 1 ] 4£. *mFm<M y^*7A(In)«jgJt 40 

'J*A(Ga)ffljSJty£ r y = 0j . r y - 0 jXiiro 
^y<0. 1 j k-TSikfciO. B3*»$>*!|**fc. ft 
XXiiffitfr'O' F^* y mgcot&g^tt ( r o g z < 

#pmm L %.mzmjj'frJiizzbtf-*smb%h. z 
2n&?#p~mm<v<£iffl mm) mm. 

& 2>Zbtf*I®b%&. ZHtt. H3j&»feW 
4«t . JtF KJSfl W*y h df-v -y 7TB#««eS tit: 
y = 0***frt J; 0 . «*^jas*tffflMMi 50 
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os B H B it*^^ btihtztoX'hh . 

[00421 4*:. C<9»&fiiF B lt?ftfl%MJl£Jgl£ 

*^^<-n.Ck^'-C'#S^y). fifl$Sfl£££>A> 
<Bl8.?&ZbtfX'£&. ftoT. ^at&ffSjgCift 
. MrffcMMlzjt i X i>&?#Fm b HttefflEaft 

fiwmmt&hztwv**. 

[ 0 04 3 ] 4£. >f y^'>7A(In)J±it®6<J^aiS<0^ 

ifcy^ry = lj, r y ^ i j XJi ro. 9<yg 1 j k 
■ttltf. «V«. ft^HSMflO-f Vv->A(In)ffl^Jtz 
^r z = 0 j. r z = 0j x»i r O g z <0. 1 j bTtl 

a. M^wmmmmizm^x o 

y^*'7A(In)«j«»«5-^flc?e3l9R : F^ftk L 
TW$iJ-ri>ik*«rigk^. -c7)«lcf y'J^Mln) 

mm z *v|n$ ^ST-Ksji^ffjir h zbizx-ix 

Btne^nwoawsr-Hj-Ka^-c^scktt, a 
iftogjsfli (snetKM. S3nifi^i) ccfc^Tiom 

[ 0 0 4 4 ] 4fc, i^F^^roSS: 1 n mtLh. 1 
0 n mOTttl. ZblzX*). a#XIMHPfl*F#F 

»^#Fii&^'e^ic«Ji$zxi,^itJic7)^ H B H ttAJ 

}ia^l.k^7t»* { +^Wt^^<>5r.|»k* 

[ 0 0 4 5 ] 4fc. SWSlcOMJl^ 3 n mJJLh. 1 
0 n mOTfc-f * i k fc«t 0 . ^»X(iftS^*iH5S 

mm&i-&zbtfx'%z>. znwm-tfimtf&bzn 
^mmmzwkizmmzixh^mcv&m.tf 

4fc. HIE («SLS^«> OJi#cOJ5S 

tt,4*. 4^. zff)mmm$ib+#%mmm 
[ o o 4 6 ] 4/0, 1 1 1 wmimmk&to*mm\t , 

47C^C0A IGaInN, 3tc!&<9A 1 GaN. Ga I 
nN, A 1 InN. 27C^i0A IN. GaN. InN, 

at/, iiiRTaR^H-t^cMttf. a 

ilf, Nj:9t»K?¥aa**K P. As. Sb*H 
-7") X'hfo\ X. A 1 Ga I nNtCfcttSNO-SB 
5rt?lJ^tf. P, As. SbkLfcA 1 Ga I nNP. A 
IGalnNAs. A 1 G a I nNSbttSK ffiSi 

[0047] ±.§lC0miZ^ Al. Ga. NiOfcEFF* 

?mcr)±$ OJI^S- K-rtS^kT'. Effl2*t*Mt 
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ffififcAS*tf>C. 77*77 tlXtt&fcX'Z. 7X 
[004 8] A yv^A(In)ffl^Jtx5: ro. 1 5 

t>***s«Hi*w>. ami. im%nm&<ois^ 

[0049] A yi*7.MIn)ffljSJtx£ ro. 1 5 

[ 0 0 5 0 ] & tz s i7#F«<7)$W £ 2 n mllh, 6 

*7#F ( 6ft^#F) ®&<7)&M.T#-Fm0)jm*8 
nm*»&4nmfc3t#U:tS«. SBK&StfiS&DUc. 
£fl6«>3«ttS*Jt9. «T#F«OW»i. 2nmja 
±. 6nmJaT3WKrc*4C:fc*cnoT^6. 
[00 5 1]$. Ay7rJfU:. A 1 NCOfiil, GaN, 
InN, A 1, Gai-, N ( 0<x< 1 ) , In, Ga 
i-i N ( 0 <x< 1 ) , Ali I ni-i N (0<x< 
1 ) , A 1 , Ga, I ni-,-» N(0<x<l. 0<y 
<1, 0<x+y<l) . -fOffi. HRsSAl. Ga, 
I ni-,-, N (OSxSl, OSygl, Ogx+yS 
1 ) (CttWC. III ftjaWJ'J^cO-aS^ay 
(B) , ^'J^A (Tl ) TB&LTtlK. MSO- 

§5*yy (P) „ as (as) . ryfty(Sb) . 
h'^-?x ( b i ) «na)iLTt>ftv\ 

[00 52] i*l4.<0A'.y7TJl£Jil:tf>fr 

<i. -mmizttLX. ni, pS<OW*2:ifjB'3rJt* 

[00 53] iZBfcf £ ; n' -y 7 7 1 £ . « 

Hfl^. 0Utf. A 1 N, GaN, -fOffe, 2tc. 3 
7C. 4tcC0A 1 Ga I nUZWlZbffX'%&. 
[0 0 54] ft, )U?rm\t. 3 8 0'C-4 2 0°C<0 

flaranft*-* t> «xoffi. i o o o-c- 1 1 s o*c*>« 

MX'. MOCVDffiTJBlfcLTfcfiH. Cicoageffl 
(i. 1 050°C-1 1 7 0'Cri^LX. S^fc. 3* 
L<li. 1 1 OO'C-1 1 5 0 o CT'&£. -9-7 r A 7S 



(6) f*B200 1-1 60627 

1 0 

S±(Cff$2. 3/zmcOA 1 NA>£>j£l>A.y 7 rl£. 

ifctliagi 0 5 0°c. niox:. 1130T;. 115 
ox:. 1 1 7 ox;. 120 0 waaarasfis-ii-, * 

<0±fcJi$ 2//mC0GaN£P-^iag-C^LT. 
-?-<50G a N<Ogtffit*n>"'>r -*36fWRWC«KL 
Jt. 1 1 3 0-CT'A-y7r/15:i£:K£-ttt:i§ 

1 1 1 0*C, 1 1 5 OXTCft&U: mzl 

0 5 0°C, 1 1 7 OXZX-ftf&Lt: t<0*<a*»->Jt. 1 2 
10 0 O'CT'^jS-f !» fcflffi* *o v 4 SrA^fc. 

[ 0 0 5 5 ] ^VMi. A 7 7rlli. MOCVDS<0 

m. MBEmtf&mx'$&. x. 

mm tlx. 077 t < fx/ivfimz* da in*> 

<5^S^>y7r«2r^-rS«Ii:fcfl'S.. 
[00 56] -f-tfjffi. ^JRT^S-^A. 
20 A. y^'-7A, g*#7XI27y^7#X£ffl 
I't.-SSAl.Ga, Ini-i-, N (OSxSl, 
OSygl, OSx + ySl. «j£Jtlif£s) OA'. V 7 

mm. 4*>7'U-T4>7'&. U—fT-fU-issy 

ECRm&m^zzttfX'%&. zti^mmm 

mzi. SA' 7 7r®i t 2 0 0-6 0 OiCT-ffa^M 
tU\ $^>tM^L<JS300~500 o CT'S) l 9. ? 
ttiaS L < li4 0 0 - 5 0 OTCT'ft 4 . 
[0057] ZtlhCOX^ y 7 >J ^^iS^Wflmtffi 
30 JfflUfc^CIl A 7 7TlOJ|Jli. 10 0-3 0 
00A*<S*LV\ S&teS4L<li. 100-200 
0A*^MtL<. fi(>a^ L<ti. 1 0 0-3 0 0 AT' 
hh. zv>£olzB&Zixt:J<v7Tmt, *mtf7t 
T> : t-Ttfxb<?>m.£tf7>wmig,'PX'i o o o-ct-5 

WSWiammLX. ^••/7rm<7)RHEED^7-y^ 

[ o o 5 8 ] z commcom<D*mtfz> t r y^-r^r 
40 ^^sauttt. i:o. i~i*aiu». s^cs* 

L<ii, 1 : 0. 1-0. 5X'$>&. WS&fflZ. 10 
00-1 2 5 0Xlimt §^SSL<I1 10 
5 0-1 2OO°CT'^0. ^i>M^L<J±. 110 0- 

1 1 5 0rfS>&. iit^<?5iDl»^K , ^Jt^frSr# 

4h&»ofc. mil A^7r««>mS*fl:fc:J:'5*ISft 
tt*^ < =5: o {, C7) S i>n I, . 
[ 0 0 5 9 ] X. dOi -5 SfifcAy 7 ril±(c 
50 Jf;M//m<7)GaN£MOCVD£T'j£K£-£. -5"«0G 
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a N<OD y * X8®flrgM£JfH vcffl£ L 
fc. -?-?>f£3l. COS*. C^dt^iS^^N'-y 

MOC VDmX'miS.±lZ/< •y7ritGaNtMU 
itttftefctt^T. pmUz-Cftofc. 
[00 6 0] Z.V>GaN<?)$.&&&tf&<%r>tz<?Ht. 

. «Sflfc**rr* . *& Aft L A 7 7t1« 
±te#jS$*lfcG a NOMbtt bflLtf 4 4><*>i J-b 
ft*. 

[006 1] it:. "fVr^T. *tf*/k 

y'Jny.M^^y. BftSffi. U vft#y7A. 

atfttf'j^ iwfcv^+^^A. UHtvytfy. Kit 

tf'J^Af-f-^A (LiGaOi ) , BtftEl^-fy 
(MoS) ^<0ttf4£ffl^& ZbWX'Z h . 
[00 62] WC. iSttUcfcWC. #F«tKS«t 

<0j***fftt. 6 0 0*C~9 0 0'C<OEHT\ mi£ 

#Fit^>**aaaiATS:. ATssso-ct-rs-ri: 

T\ J:9jittlKttJhtt»A±S«1lftC2:(>^i 
fc. SMlOjfcKffig##F«<0jfcllfi£J: 0 i>Sv>. 
[ 0 0 6 3 ] ftHRJ: LTli, SftSifS. SSftf- 

[00 64] W5rid*ft (ELO)ffit LTti, 
x-yf-y^CJ: OfflS^N'-y 7 rJI«*tf#H<c8tB 

7 r fl^±£*HM^£^|ty&A3 
tfS. ftgffitfcffl^&^fctfft*. 
[00 6 5] ELOtCi^ffl-r^^-SHiL-Cti. 

1 1 i^s-fb^b-^Nw*^* L»v4m*«*fflT 

ft*. Afcttfctt, Mitf. KftSliS ( s i Ox K a 
ftSiS (Si Nv ) . mt^fy (Ti Ok ) . OMhS/ 

/i/3x>7A (zrox ) m<nmm. aft*. ztib<r> 
mm. mwt. 1 2oo°cah«ost*$r*-ri»^«^ 

Tft&. 

[00 6 6] fiD*.. ELOIZtiffit hmSSktLXtt.. 

6 o o ~ 1 1 o o -ctfett* 1 1 1 &aft:ftai&£axfc 

tfmx-bl. itz. £Kii, cvDfwSM 

"CSS. 
[0067] 

m^xmmti. 

(mmm) m^\t. ^gigftMo iii&afttt% 
As-wiMNwiEW— f i o ommw&zmwm*® 
mx'*>&. itz. H5«. *mmte^ inmm. 
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1 2 

m&&to¥mfc\'--f 1 0 OOA'7 7 rM 1 0 2 co« 

[0068] 1 OOWy'JnyiSl 0 

\<n±JC\t. J&JfiftiOOOAOAlo.isGao.ssN iDfS&A 
7 7 7il0 2*>'Xh7-f7l (05 (b) ) Xtiffr? 

* (H5 (c) > izm&stix^h. x. isw>mfc 

1 0 1 ±c7V\'-y 7ril02 £&ltf:SJi5«$A&tfy\' 
77rll 0 2O±HS«B(C(i;. JUWW^m, 
^JK2 x 10' 8 /cm3 . is >J a y (Si ) F-raft# U -7 A (Ga 
10 N )J:OII.nl3^^M (a*-\- 'JTitgn 

* if) 1 0 3jWft£S*rC^I>. ft. VJ.T. CWnSn 
y*7Mll0 3fc*fc: fnJIl 03 j i:S3^^ft 

[0069] nil 0 30±tCti&ff gjljunu 
2X10 18 /cm^ xl»ay(Si)K-7 , Alo.o8Gao.92N3!)>^ 
4nl?7 7h'il 0 4##j£3;fVO>&. nl?7 7 
K« 1 0 4 OitCte . BbftilOOiwQ n SBfe/Y^f YM 1 
0 5#»l£SfVO>*. #ng3fc;!M K110 5t±, % 
T&gZx 10 1 Vctf £7)i^ 'J 3 y (Si ) H-7AI o. o i Gao. 99 N 
20 £*WO0nm«Jf Lfct<9T*ftl>. 

[00703 ngJfcjM KJI1 0 5O±fctt. GaNfr 
6j£&ll»»6 n mCOfi^PfMIf 1 0 6 1 b A 1 o.»o I 
no. uNfrt>lSLhmm¥j4 nm<DS^#F)f 1 0 6 2 b 

tfxs.izmaztitzzm&ttp (mqw) vm<mm. 

Ml0 6tHBl&ZtiXHl. SfltSigl 06 lte3 
«, «^#F«1 0 6 2(i2lt'ftl». 
[0071 ] CO^S*^#F^it(MQW)t7)vStt« 1 0 
60±(Ctt. MW^100nmOpa5t^ KJil 0 7*W 

30 xl0 17 /cm3c7)V7'^v"7A(Mg) K-7Alo.oiGao.99NS: 
^100nm«a L?t t> cOt'ft h . 
[0072 3 pS36Xf^ KJi 1 0 7<OJtfcli. Kff^l 
AiDO*-;^JS5xl0 17 /ciii3v/^v-'7A(Mg) K-7A1 
o. osGao. 92N*»4>«S pS7 7 -y HI 1 0 8tfJgl£$*l 
T^S. P17 7 7 h'JIl 08O±WS. &£300nou 
*-/Vfl[f«5xl0 17 /cB s . V7*^v«>A(Mg) H-7GaN*> 
tiipia^^Ml 09A^$ixTV^. ft 
pSny^^bill 0 9±fcNi«fil 1 OAsWgjfc 
S*lTV^4. X. nJBl 0 3±K»lAI*»4>«4«ffil 1 

40 0B*^(£^<XT^I»„ 

[ 0 0 7 3 3 Zcr>m&cr>%%%? (^»«sU- 
■f ) ±ia«JKSfFl 0 0 

ii. G&&BUt&to$,tti&%m (WT r M0VPEj 

(i. NH3 t *V »J 7^*XH 2 X{iN2 fc b 'J^f-^'J "7A 
(Ga(CH3) 3 , r TMG j tM?) th>)X^>l>TA'$- 
<7A(A1(CH 3 )3. OT r TMAj tie-t) bb\)jt+My 
^'•7A(In(CH3)3. OT r TMI j. bfct) b~>y>(Sm) 
bisfV^yfyJL-lV^y^isVMTte^h. JilT 
50 rcp 2 Mgj tfB-f) t'ftS. 
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[0 0 74] 7-yl^^?S(HF:H20=l:l)$rffl^T 

mttz anm. (ioo)b, (no) a£±st 
iz®M.2titz-r*;yfnzmmi-&. at, seth2£S[ 

5$2 liter/^-C'^10^SJES^L^« J 4>fflgll50'C 
TfflKl 0 l£<-*y/L*:. 
[0075] ;c0f*. WSL 1 0 1 Oi&^llSO'Ct&ft 
L, N 2 ;SUiH2£l01it£r/#, NHs £l01iter/#, TMG £ 
1.0 xlO- 4 */V/4h Ml^f-/UT/P5-^A(AI(CH3) 
3) (JSTF r TMA j tlE-T) $-1.0 XIO-'*^/*. H 2 # 10 
Xtci00.86ppD fc«RSil/l>'5V«:20xi0-8qe/|^ / / 
#Tft&U JUI#»000A, SiiiSl.O xiO's/ctf^Al 

0. 1sGao. 8sNJ:9]£SA.y77JBl 0 2£Sfc£l.j£. 

[ 0 0 7 6 ] at, CK^A-y 7 tJB 1 0 2*>±£, -« 
t, Si02J12rX^>y^yy/tcJ:0ffii¥*M000Afc:m 

1, U^Xh&ttftLT. 7*HJ7777 -ftJOSi 
IhJitBrJSBtttcxyf-^Lfc. at, 
OSi0 2 Jl£-?7.;?i: LT, Alo. lsGao.ssNi ►M£A-y 
7rll 0 2SrH5^x-y^-y^U, *Wfrtxt (Si 
O2S) £Ms*Us. .I«0«l:3tLT, A 7 7t11 02 20 

tf)±«fa«Btf)SbA*5/im, ms.i oiffMftwm 

A0)BMaim5um0>Ab547#. (HI (b) )X 
JitS^tt (HI (c) ) fc»jRtfc. 
[ 0 0 7 7 ] (JCC, MDVPE j£ti OSK 1 0 1 £>*£,££ 
110<rCtLTN2X&H2£201iter/#, NHs £101 iter/ 
fl\ TMG £1.0 xlO-"t;>/^r. fotf-XfcJ: 00.86ppm 
tCftS?§tifc^5y£20X10-8*/U/^-C«t&UT, R 
Jl^lOjumWGaNiOjfr&nJll 03£xt*?df 
/VjSftStffc. GaN «, Alo.15Gao.85NJ:*) 

ffi&A 7 77tl0 2f5±K. Cl<7)Alo.i5Gao.85N £& 30 

«1 0 10lMJfB«A0±ttt, GaN fixe^v-vH- 
**Wrn. *L-C. i/U3y3fi«10 1O»ajfR«A 
T'»i, Alo.i5Gao.85Nj:0*l.y<-y7 7iil 0 2±tldt 
*U:GaN £&fc LT, GaN tffitfrfi (v-'Jn^SSl 

[00 78] KOGaNiO^Snil 0 3fi, Alo. is 
Gao.ssNj: "JjfciAy^rl 1 0 20>±flMMB(Ctf(t 
«*m t&{4#£ y'J3 >«£ 1 0 1 c7)S5ttJffliS A 40 

tt&tfci^. Wt>. iWKC. y-'JayiSl 0 lff>m 
aj««A<Offi«£Alo. 1 sGao. 85 N J: 7 7/1 1 

0 2©±IMBWB«>liBWcJfc^T**<-r6ik-p. £5 
^fflWfcSo-OSJIttOSfffcGaN J: nl 1 0 

[0079] !tEtf) n ■ 1 0 3 £Jgj£ Lfctft. N2XIJ: 
Hi, NH3, TMA, TMG&t/x7y(SiH4)£&J£LT, ffiJi 
»lxti«OAlo.08Gao.92N*»i5(KI)na^7 7 K/f 1 04 

£»jfcLfc. atfoxaih. nh 3 , tma, rm&x/^y 50 
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1 4 

(S1H4 ) £&£ LT , Alo. 01 Gao. 99Nj&>*>ft*ffiJ?ei00Mi 
emm&tfJ HJ81 0 SfcXMtLfc. 
[00 80] at. ;OnM3^WK«10 5cO±t. 

&mM=F®mmt nmo&mwfs t srxstsi l 

fcMQW»J6*5jgtt*10 6£#J«U:. EP*>, *-fs 

T, nW±tH KJil 0 5O±t. GaN*>^6St5 
e6nm«lflii@106UML<:. CCDl$0, 
8AAJiaKtt6 0 0-9 0 0*C. TMG<Dtt£*te 2~ 

1 Ojumol NfcOgt&Mtell slmt'A*. 

[0081 ] at, N2£^f-v'jr^fcLT, NHs, TMA 
RtfTMI£ttlfrl/C. Al«.soIno.toN^Jfi«IUV 
*<74 n m<9S^#F« 10 6 2 fcJWRLfc. CCOfiKO, 
ttAJftJt&Att6 0 0~9 0 0*C, TMA&l/TMIcOfjt&fi 
2-1 Qp.m\ NHscTjfit&Mtill slmt* 

S. 

[0082] gt, Z7MM1 06 1fcS?#F«l 
0 6 2fc*nHftft'CljmB£L. St, *<9±tG 
aN*^SM«^6 nm^M^Ka/Il 0 6 1 £J&£ 
Lfc. ClWi:3tLTAl I nNA^«|,fi^#Ffll 
0 6 2**Tt6MQW«a(y5SSttjil 0 6*»*Lfc. 

[0083] aaclfeXUHi , NHs . TMA, TMGRl/CP 2 Mg£ 
ftJ&LT, Alo.oiGao.99N*»^SKW»100miOpi!3t 
^f>f KJf 1 0 7£^L^„ at, N 2 X(iH2, NHs, TM 
A. TMG&t/CP2Mg£&&LT, RJI^l//n(7)Alo. osGa 
b.92Na^fik&pg?7-y KJ11 08£^j£L/c. 

[0 084] at, fflS£HO(TCt«j$L, N 2 X«H 2 £ 
lOL/min, NH3 £lOL/min, TMGSrlOOjuntol/min, Cp2Mg£2 
jumol/nintilALr, V^^^A(Mg)*>'H-h-V^ 

^SpSsv?? r-d9£^j£l*:. 

[ 0 0 8 5 ] at, mmrajtgas-fflv^ , ps^ v 

77M109, pI?57 Fll 0 83W/pM*^ 
m 1 0 7 t-ttt«^IS£fi3*f Lfc. «?tR(^(lfft 

m±, joi4«jE**>iokv, tmmsKijuA, b'-Aoi&f&a 

S0.2nun/s, b*-Afi60//iii^, XSJK50^Torrt'S) l> . 
dOS^<7)B?Jtt < J:0, pSn>-^^hJ19, pS^ 
7-y H18St/pS3K^ HJl7tt*<i-Wt. *-/M§ 
S5xl0 17 /cm3, 5xi0 17 /cm3, 5xi0 17 /ctf t^->fo. 

[0086] at, X/N' y ^ U y^tj: OSithff 
L, -f-OSi02±t7* M^xXhSrM^L, ythVV 
ry7Znr>fc. *fcnJil0 3fcJ«-4«aBB*«ffl 
7*M/y'xhJiSU 7t M^^XhtioTSi) 
fix v vfirir-kSiO* if £ 7 >y -(bkfgK^x -y f - y ^arcH>* 

[0 087] at, 7* M^>-'XhS.l/Si02«tJ:-5T: 
S*>*lTV^>g5fi<0pS3>'^^M10 9, pS^ 
7-/HU08. P^3t^'-f KJB 1 0 7 , yg14Jl 1 0 
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6, ngt#-fHll0 5. ng??7-yKJ110 4&y 
nilO 30-SB£X2Jg0.04Torr, mffititMJlO . 4 
4W/cm2» Ch tfXSrgt&LK^Xyf-y/U 
mrX'FyJx-y+y/lt:. ZVXftT. nil03 

[0088] mz* -••,?ji>w)zm%Lxpm3y? 

0 9O±(C«gl 1 OA£jgf£U:. n 
110 3(e*tLTJi. T;US-^A(Al)Sr^*LTmS 
1 10B£#jRLfc. 

10089] ft&MreXBftf ftfclb KiMx 10 

y?LT. fflttfrfcfcfc. -roipfcLTSBtSftrt:* 
Fl 0 0H. SBB«SaJ±1000mAt:T»3KaS* 
WmW, $HBe-7ttfi3 8 0nm (iMRfe) T*-> 

[00 9 0] jfiL i^NMcU— fiootfev^TU, 
XV W »'^A(In)ilB B B Jt^fi^#Fil 10 6 2 £ jft£ 
L£>ttf>, ioa^FJB^rtSfcfcwc I nN«? 

[0091]iit. H-W y s^AaUUtoratFJI 
1 0 6 2 tJB&tl ZtizX'O. M?#F« 1 0 6 2<0 
<?Z>ZktfX'Z. 47#F/I£itS&W 
fg|ft«ff (f&ISL 

[0092] UUrfHWcLT. #il#&ftfft? ( LD ) 

m&-rzztiz£*), <ld> o*# 30 

[ 0 0 9 3 3 ffi. JtE*«01fc*5Vvr , * h y4 TtfX 
fcHS7ttfc»j£SftfcS'y3>«Kl 0 lcTjUiliffliiA 
OdaSrttSAtmfcLfc* 1 , gitiSigAODgatflOjum 
ZmthkWifa^fc&zmtUmttc*) , ^'Jny 
iSlOl £0Sfaj{S&A<9|f a# 1 ju m*»fc$r4 fc , 
£#&GaN IK>£ifcAfBKJ:&**>T, 34L<I21- 
10/xnKO^H^Vn Alo.i5Gao.85Nj:>3j£SA 
•y7r®102cO±g5ffl«B«0*ab2r5)umtLfc* i , 40 
Alo.isGao.esNJ: >5)£4A-y 7rll 0 2<r>±Mffl$& 

MHtt B<7Dd b # 1 /x mjfcMfcfr* t «#l«M>**«>fc 
iL<lilM0jumi?)»^l\ nJ§10 3^ 

ss B B H i4oa^*^. ^uavaMi oi«)»iifnMA«> 

(SaCOAlo. isGao. ss N J: >M4A-y 7ril0 2<9±SB 
48K B £0de b £tft Sflfe a / b li 1 ~10**S£ LV\ 

[0094] jjutwat, ^yayaagioioBajfa so 
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1 6 

$A?)ffla£Alo.i5Gao.85N i'3^l>A'77ril 0 2 
<0±S«$B<9^(;:lt^T*§<<-f4.ri:-t\ £o® 
»fc«-jT»*tt«llJfW: nil 1 0 3 MMW 4 d t *>* 
7*4. 4fc. ^'J3y»Kl 0 lt-eo±<75GaN Hit 
*ttfc*&l/CVv5rivfc*>fc:. GaNi >)Jdc4nll 0 
3cO-?-0. j£*MA£«iftT*S<8^$1i-4.ri:*<T- 
£4. 

[ 0 0 9 5 3 4fc. #S l StatMTIi, x'J 3 y*££ 

[ 0 0 9 6 3 tt:. #85 1 3§&WCtis a> y rM 1 0 
2cOfflj££Alo.i5Gao.85N fc Ultf, HRsSAl, Ga y In 
i-,-y N(0 Sx Sl.O gl.O Sx+y SlXOttSffl^ 
ItOIIlKSflS^fc^J^^^fflV^i 

4. ^ 'J 3 yfflS 1 0 1 Itxe^* J^tMfiS^i 
(CJi. Al, Gai-, N(0 <x SI) (A1N Sr^tl) #S£U 
V^. S/t. n^l0 3<i, -®^A1, Gay Im-,-, N(0 
Sx S1.0 Sy S1.0 Sx+y SDcOffiSffl^JtO Illfil 

102tH-»RitC*-3T*., S&4lflj£ltT-*>-oT 

V^ffl^Jti:-r4^*<J>4. 

1 o o 9 7 1 a*:. *» i mmtm. yrmio 

2<?>m&£m00Okk Ltztf. A- 7 7rll 0 2(iffv^ 

LTnll 0 3^t,io. iot, a' 7 7tI1 0 
2<0£$li, 500 A-2000AgS* i aS LV\ 

[0098] m2mm) ®6U. *&29amn i 

IIfliaft*jMk^li^»*V-!f 2 0 0<7)SJf1iii£3l 
•^jtW=5rf}M0T'*4„ *»2imW<0*i»*W— f 

2 0 OOfiSjSfi, UIBOS 1 HiS^I<y)^(*^-if 1 0 

ovmmtomw&tf^tf. ^^m^u—f 2 0 on 
4. 

[0099] <*m&u—f2 0 ocr>±^#a> 

( 1 ) MQW^ttfl2 0 6 

(a) 4 : f#F«2062 (A 1 1-, I n, N : x^O. 
30, mm%)5nm) 

(b) *^BS«2 0 6 1 (A 1 1-2 In. N ; z^O. 

05. IWi55nm) 

(2) A' 7 7rl2 0 2 

(a) m&IS»Jf2021 (A 1 N, &Jfift500 
A) 

(b) #18*120 2 2 (GaN. JUf^0.3/im) 
[0 1 00 3 BHj, B6WI*W-if2 0 0«, 

T4 7Z&&l$.mfctLXti<0, :W7H7M 
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d<0Ay7rJI2 0 2»J, 06tC,Tcf SMffitttt 
h. n*>. A'.y7r«2 0 2(i. J8J**<7500 AOA1N 
^I.^^^W«20 2 It. &J?**J0.3 jua 
S*^ai2 0 2 2 b £3zKlzmmUz3t5m<r>%®® 

[01 0 1] ft, nln^^Mf^t'JTMn 
+ Jf) 203, nM^7-yh'^204, nSBfrH F« 

<f\00<7)&mfom (nl3^?M103, nl 
;7-yH1104. nM3K^F110 5) t^HttO 

[0102] 4fc. nS£*'>( H«2 0 5^±tC(i. # 
S*^ #F ( M Q W ) ffi3i<OV§tt/l 2 0 6 aWftSS ftt 
^3>. £OiSttJ12 0 6te, A I0.95 I no.o5N#>4>& 
&J£fl^5nmO:I J PP$S«2 0 6 1 1 . A 1 0.70 1 n 
0. 3tNft>&j£*ltB»5 nm^)«^#Fii2 0 6 2 

LX^h. HII*>, .r?>vSttfl2 0 6&, *?»M«2 0 
6 1*»«-7J|. » : F#F«2 0 6 2tftr6J|<?)g6Jnte 
4>££ft7#F (. M Q W ) HJfrC* l> . 
[01 0 3] ft, pSBb!M KA20 7, p&??vF 
J12 0 8, P l3y?7M209, SI/. IEm®2 1 
OA, ft«ffi2 10B©g-«HoUT(J, HIM 

o¥«Ncu— f i o o ©#*jje»fl- ( p ibiwm k « i 

07. pi;77F1108. pMay^^billO 
9. jESffil 10A, ft«ffil 10B) ^«fcBg|SI« 

C 0 1 0 4 ] lilT, ^iittl'— f 2 0 0 tOlgi&^ftlCO 

^Ta^*. *imw)cu-if2oo^*»i, *«^js 

^ftfctfXlcov vC(i, flUa* 1 HJiSpiJJ: ID t Tft 
6. KIT. A V 7rJi2 0 2*)|i3tISfc-3Vvt 

[0 10 5] (^-y 7 r!2 0 2^18618) * 
«K^ftt«!W!fflfc:J:")a»L«:Klit»100 -400 //m 
«7>*l8fl*>1f7 r-f TWfc2 0 1 £M0VPE ISMORJEEM 

312 liter/#T"Rje^lCffiL^%iagll00'CT"^7r 
4 TS«2 0 1 SJRfflxvf-i'/Lt. 
[0106] SSS- 400*C4T'ffl;T£-£T, H 2 £ 
20 liter/#, NHo £10 liter/ft, TMA £ 1.8X10" 5 
t^/^Tfl»LT. mm 500A<O AliU'Jj** 11 
lOTOSdIBftllEI 2 0 2 1 ZMfSLLtz. <fc£, -fy r 4 
7*t£2 0 10iSS£ll50'ClCft^L. H 2 £20 liter/ 
NH 3 £10 liter/ft, TMG £ 1.7X10-«*;l//#f 
«£LT, KW^0.3 jum^GaN «>&|ft*W*!hM2 0 
2 2£JB£U:. 

[0 1 07] ^C. ^7 r-f7*£ 2 0 l<Di&K£, S 
ft. 400'C4T'®T£tfT. ±S«01JlB«>*fi£«Rl 
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12 0 21 <m$.tm-3iWX\ 500A<O*$^AlN 
^l>2Jllcom&^«Ji20 2l£^Uc. &. 
(C. ?7 7 4 7S«2 0 1<7>i&££. 1150-CK± 

ffT . ijeom^aii 202 2<7)B8.m-fmx\ m 

3 //m<9GaN 2 0 2 2£»jftb 
t'c. $^>(C -t7r^T»«2 0 lcoaK£. SS» 4 
<xrc4T'i£T$-eT, ±IEfcH«t. 3JH<WFS£H 

• W12 0 2 1 £Jgj£Lfc. £Lb3«fc: LT, 16^a', 
7r«2 0 2£ffi8.Lt:. 

io [ o 1 0 8 ] a*:. *t:. «tt«2 o €><mmm.£.^> 

Wi, WT^jlOT-ftofc. (?St4J12 0 6«S3tI 
S) ngjlMM KJI2 0 5 4-fftttfc. N*£ 
3f-v UTffXb LT, NH 3 , TMA5t/TMI£tt^LT. n 
Sfttf'f FJf 2 0 5<0±fc, A 1 0.40 I no.6oN*>4>jR 
nmcoa^»aS2 0 6 1 £}&£ W:. .TO 
*S,ilj£*iS£{i6 0 0-9 0 0*C, TMAOflt^M 
«:2~10jun>ol TMIOttlft«ttl 5-100//U 
ol NlbO«*&JUill slnT*4. 
[0 109]}^(C, N 2 £^'V l J7^i:LT, NHs. TMA 
20 RinmZ&telX, A lo.70 I no.3oN#>4>j£!,KJI 
^5nmcr)ft^#Fil2 0 6 2£»^L7t. CcO^fO. 
^a^iSSti 600-900 °C. TMAcOffiJ&ftti 2 - 
1 OAtmol TMIcO«*&M(il 5-1 OO/zmol / 

NH3<0ft*&*{ill slm-C*)S. 
[0110] Mfc, &?mm2 0 6 1 t4^#Fii2 
0 6 2 £ H-jfett? 5 jUTOBS L . Jgfc . *<r)±.l,ZA 
less I no. 05 N#^jft!>ffiW$ 5 n mOi^f {$^f 2 
0 6 l«r»*Lfc. W±^«(CLT. a6WvStt!2 0 
6£jmW:. 

30 i o 1 1 1 ] «, znmn^tommfiznjmiiz^ 
xa. mimmt*mw9Btiimiz*'9XW&i 

fc. d<Oj:dCLril»Jf*U:ifm*U— f 200{±. 
IMSmSiJJilOOOmAtCT^aj^lOmW, ^ffih-^^ 

4 1 Onm (WSIfe) T'J>ofc. 
[0 112]^. C:«7)^?lfi|sU— f 2 0 0tCfcV^T{i> 

*kW y^''7A(In)ig H B B Jt«0*^#F12 0 6 2£»)Dt 

40 [ 0 1 1 3 ] 4?t:, «VW VS/->Aafiit<0*FfHMI 
2061, RXf. i^#F«2 0 6 2 ZBf&t&ZblZ 
«t0, iStt«2O60>«?JgR£** 
* . vSttl 2 0 6 *\kWRgibfr<Mfcth Z btfX'Z 
tztzX). mms. (*«t*v>tt) *>'+^(3(ijfp$iJT' 

[01143 ULhO«(c LT , ( LD ) 

*«jfrt-i £ b iz x o , tm&ftm? (ldi co»^ 

£ft<L. 4fc. raWEEEUt&L&itt) £ffiT$^ 
50 6 fc ^ p *«fl*03«<0 1 W£ aWW « £ b tfX'Z tz. 
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[0115] HRK. ±lico%2m}&m<7)®^ 
FJf 2 0 6 2<r>A vWM\n)m&x1fimk& 0 Lit 

lflj£ifcy£ fy = 0 j . r y = o j Xfi ro=Sy<0. 
lj bt&ZbtCt*). B3a>S>fcfl4«fc:. ±IS<0» 
=S^X(iiM=5r^'VF^ yrg^Sg^fr ( <"0£ 
z<xSljf) TfcfcWt . fiTKMJf 2 0 6 1 C9t8 
: FJa&**F#F«2 0 6 2<9te^5£&fcffi;JjiS^ft& 
£BL Jjew^frl— if2 0 0(CfeO 

2 0 6<9fSiitt#SK$r*L KtiWJ. LSnfMSWXI* 

[o 1 1 6] tit. nuts iwtt^aflJttjt^Pis 

12 0 6 1 fcjBJfcWUf , M^KMJi 2 06 1^^' 

agists® 2061 mm&zt ffx- 

^O^. ft^KSfl 2 0 6 1 (C J: oT 

FJ12 o 6 2 twimcomjiMmftmznhz t*»T# 
s. 

[ 0 1 1 7 ] ifc, ±IB<0¥3W*:U~ 9*2 0 Otfcwt 
ti» «tt«a«^l 3JBJ;9»JSS*rO*S (N = 6, 
M = 7 ) . iO«*ff»S:«JB»-cattJi 2 0 6 £fl§j£ 

[0 1 18] Jiie^{C>'N'-/7T«2 0 2$:^fi 
Ik-fiifC. *«tt*2HMi$ii*iHWMi ( 2 0 3 
-20 9) <7)^ B B B tt$r|6]±$-e^ii:* J T'#7t„ 

[0 119] BP*>, iflXllMUcJ:'). S«ffl* l <att»Cji 
^S^XSI^S^d)! 2 0 2 1k 4MS B B B J1 2 0 2 

0, WMW<0fflRJtfc:<,ft«=S:Al,3Ga»3lm-x3-v3NA» 
[0120]iot. *^#*&H.tf>¥3*#:£«&JB k L 

IxrktfT'&l.. Wte. 
S. 

[ 0 1 2 1 J «. JfcSttlSitWCU:. ^g^lgfnJl 2 0 
2 1 fctiAIN 2rffl^/t*5fi!l<7)27C^C0GaN . InN ^37C 
^C7)AlGaN . InGaN , 47C^<73AlGaInN %f£Rl^&Zt 

t\fiVi&KT$J££*l. *«JSS«100 -1000A#Sia 



20 



[ 0 1 2 2 ] x. ^m^tmm±.izm^tiim^m 
<wmu. ^msamm t ^mmfrnm^m-x-h . 

V\ i«»ISAIifc«, GaN Offi. ff«a^Jt^37C^ 
SDAlGaN , InGaN , £SSj£Jttf)47E&tf9AlGaInN 

JSfiTS4iMtr*4. -SOTt, JI£»i500 -3000 A 
10 [0 1 23] 4fc. *&£?ig*]JI<7)Jf £ £ 1 00-1 0 

ooa, mm&mcomzz 500-3000 Ak-r&.r 

k ICJ: 0 . «V«. TOtetffWR0*£fiK£ 3 5 0- 
8OO"Ck-t^CkCJ;0. tt^tfSW'fflKffla'fclW 

m^H B H «2 0 2 2<^Jf$(±, 300 OA 
Sr«i 4 k Mtf < 9 #4 L < *n . 
[0124] ^^^»«2 0 2 1 k#t§ B B H /12 0 2 2 
12, H&iS rAl.Gaylm-x-yNj T*3it4ff*0>«]£ifc 
20 C047C, 3tc. ai^427C<oaft«fiRfl:^*imi#k , t 
iikj^T**. «ft. ^^ln«5:AlN . #te B B B a 
5: GaN btZZt?. i^k-fSGaN mom^M® 
*&*&«STS*4ik*«T*4. X, S«20 1tc 

[ o 1 2 5 ] tit. mt<wtm&mm 2021 

*<7)t&%i&LXnm3y?7 h«2 0 3^€*$*S 
>Ik*\ nM3V^^h«2 0 3cO^ B B B 1t*^t,. Xg 

[0126] A V 7TJB2 02tf5flBfikLTtt, 

30 **it»js-r*#«wRJ![. ±mmmt. mmmm®. 
zix^mm <i«) ti, #w*«gir«>fi 

[ 0 1 2 7 ] mHi , 7 A *?WBsn±Xt . ffiiB^^ 
(mOCC) OA 1 N^F^gWf. BW»5jum«) 
GaNl , GaN^^^fnl. )Ui^5 

^mc7)GaN« (#^ B B B il) <0«tC*fiS*fcBf. fift 
Offi!if»5/imOGaNl (mjgfal) cO^StC^^ 

X-y^-f-y bR<Offi««tt. S5X10 6 /CB2 gjgk 

±) j^'Lfc. 

[ 0 1 2 8 ] X, *m2HSI0!IT'(i. YS14J12 0 6com 

it* zn&?#Ffflkb uttf. mm. led^>* 

SI*«3K« : F*fc*J»ti«Stt«2 0 6C0f)Utli, m-S 
T#F (SQW) aUt-CtftV^. ?Sttl2 0 6O 
^${il00 ~l00OASK**»31"C*i. . 

[0129] (mmmm) ma. xmsmmmw i 

■IlUa^ifift^ft^SI*!^— 9 s 3 o o^«i«jt*a 
50 [0 130]<¥*ttU-1f3 0 0<?)±$^>*S3 
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( 1 ) MQW?SttJ13 0 6 (£fr 5 JIT'. 2JU»j?)MQ 

(a) *^#F^3062 (A 1 1-. I n, N ; xM>. 
20, ffitJ4C#75nm) 

(b) ft«M«3061 (Ah-, Ga, N ; y =0. 
80, ifJ^nm) 

[ o 1 3 1 ] tt:. im&w. i mmmx-a. ? r« 

b Lt\ Alo.15Gao.85N J: 9j£&a'. X 7 r« 1 0 2**1 10 

300 tfc^Tti . mmm m l&v * 2 mm&^< -y 

7 r « 3 0 2 ffi#fieog a 1d£J^ffl|?£f]ffl L 

[0132] Bfl*>. &m#;U— f 3 0 0<9g52cD±<r 
OTC0«(C. A'y 771302 #»«;S*iTV> 

(2) A^7tJB3 0 2 (±T-&fr2JlT\ x-y^-y^ 

izxmcmt) 20 

(a) ^8^*1302 1 (T1;A1N, fgff^lO 
00A) 

( b ) m&m 3 0 2 2 (±« ; G a N , RjgmoOO 
A) 

[0133] 08(i. *g393t0l*> mftSft!ft£ft 

r 3 0 OCO^ y 7 rf§3 0 20*JI£Sl 
*«5fl»*BriIi0T*4 . t7r^ -\>»£3 0 1 <D±fc 
JiffiJI&lOOOAOA 1 NJ: 9j£67£&tiH&JR3 0 2 1 

«?<i, -^s^«ftS3 o 2 1 <o±t. wm 

1000A^)GaNJ:'9fiS;l.mSS B a H il3O2 2*^^^T 30 

[0134] imsmmso 2 1 tm^ a a 8 «3 0 2 2 

t T'A -y 7 r JB3 0 2 *«««SilT ^* . ZtlbWm. 
isWMM 3 0 2 1 fc#&ftff 3 0 2 2JB.1. ffl 1 gftftl 

£Afl 3 0 2 2Mt7r -f -Y*K3 0 1 coStK^^A 
±fcti. jR*»10jum<?3GaN iWSnl3y^?M 
(A^'JTjftKn 4 ff) SOS^fig^tlT^I.,, 
[0135] *SS3£tt0*O III&gftTOt£W¥« 

3 oo<rm&mt. % 1 g^flko***^- 40 

if 1 0 0<0«S#ffifc£<o«Kj£*8o. *®3Htt 
Wfcfckvtli. t-fS*»C 1^S»Ji3 0 2 1 , & 
IC, m&&M 3 0 2 2 £-*7 r A ^WSL 3 0 1 ±fc-« 

'FS^«|PJi3 0 2 1 tfSfoiSO 2 2£ K^-fx-y 

f-y^U -?-<7)f£vx? (SiOtJf) *Hs*-r*. 

J:0. HI (b) Xtt (c) i:C. xh^T 

[0 136]ft*:L. *l7fy/Cil ffi£3 0 1 



181013 O 2 1 <9J8UI^. 0 2 1 <0&ai 

mmmzm-t&mtf**^. eu*>. *xy^-y/{c 

fclrVCtt, A' 7 7ri302«iaif (HTftgfrft) fcfe 
WC. SS3 0 1$-*-fL(,^aj$^^i^^. 09 
Hi , 3FS-&«»/83 0 2 1 WBWj&W 
^S^^ftS 3 0 2 1 <7>T#<7)-SiS#. 3 0 1 #S 

[0 137] tote'L, £a*M±<c&(t£t£Al££3K 
<r>X\ A' y 7 rJI3 0 2O0flg?^^?*^*>o-H)-H 

[oi 38] zwzta. &immmizt5^xi>. mm 
x'bh. ztia><7)mftfS.&&mx'mmt%&<D 
it. mm. x\t/<-jvrm (^m-smm) amasBtz 

li, S£3 0 1 £S|{B£-tf\ tti. a' 7 7t13 0 2O 
OflaW>»Stt» JBtUi&2000Ai:. aftifeSflT 

[0139] -?-^<7). HJf^lO^mCOGaN J: n 
I3^^M (SW+UTiMEn* if) 3 0 3O»^ 

ffili. IBlll»0!li:ftH«T*4. 
[ 0 1 4 0 ] ft. £jh.fc<0*ttteS^vt*Sfll£fi-f * 

\t\Xr<m*)X%h. Wh. GaN J:0«inS3y^^ 
M3 0 3li s GaN J: 0fiStl.#^ B 3 H ®3 0 2 2?)±SS« 
l^BOGaN tat LT. fflfcSffiSmtlRfi-r*. *U 
^7T>f-V»R3 0 1«)«a}iBWAt«. #^ B B B fl 
3 0 2 2«»{B1SWB±t*fiLfcGaM ^^fc LT, Ga 
N ^'fil^^xt^df^-v/UBSiftf S. 
[0 1 4 1 ] dODj^tcLT. nM3V^^hil303 
<7)fi£*3iST'{i , nIny^7M303 ****SbIJB 3 
0 2 2 Z&t LT«a*|6ltt«r*riS|t«.xt:^4f iz-v/U 

l>nl3V^; hif3 0 3tmt>tl&. 
[0142] «-»T. Jbi&?>aMcLTJ»*SfUt nfi3 

t, HRtc ajiy-fsr-K, *im*u-f (led. 

LD) HkoSftt^ftff^iNl^fBK/SJlSR^SW* 

[0143] JJE^J: 7fcLTMS3ilfc*SI*U— !f 
3 0 0{i. S!»l^g5mOOOmAfcT*3Kaj*10mW, 
JSt-^fcRJi, 380nm (^l-H) t'ftofe. 
[0144] V±<7)®IZ LX . ( LD ) 

zw&tiztizk-oxt. tm&zmmi- (ldx^ 
mz&< L. itz. mmi± (mt^m) sr«T 
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[0 14 5] ft. #SfS33?Jg0Mcfc<-vt, £153 0 1 g£Ut7^7 r X^co^ B H B ffljt$r L^t>cO^*^ffl 

(i. ^'JnyiOfilftLTkJ^. 4fc. *^3Hte0i| T'£6. 

CfcHT. #f§ B B B J13 0 2 2<i. #-fLi>««L$:<i: [0 152] 4fc. ±E04HSK5WK*JttiA V 7TB 

t>, SlSBfiW^SI^U— 1 OOkHUMc. 102. A»7tI202. St/". A*»,7TJi302tf5 

[0 146] 4fc. *RI3!tltMlZ*VvC. #&JM3 <D««te, A 1 NcDffiL GaN. InN, Al, 

0 22tnS3y^^H«3 0 3t^GaN tLtzif. & Gai-, N (0<x<l ) . I n, Gai-, N (0<x 

t£3M3022tnW.ny? 9 YM3Q 3 t*vm-1&. <1) . Al, I ni-, N(0<x<l), Al, Ga 

mtn r Al, Gay Ini-K-y N(0 =£x =gl,0 =Sy =S1.0 g y I ni-,- y N (0<x<l. 0<y<l, 0<x + y 
x+y £l)j JOfifcS UlltmttmMMfflttktlX 10 <l)*rt,ft<. 4fc. Ul, Ga, I ni-,-» N 

k&l^. (OSxSl, OSySl, OSx+ygl) jiSffl 

[0 1 4 7] fflU £R3 0 l«0-gP?r±ldWX yf-y jfcWcfcHT. Ill J£7«<03 £tfn y 

^OBfc«ajS-e-fc«6«t«. IUSAJB3 0 2 2(i» ( B) . ? 'J<7A (T 1 ) YiHJlLfcfccofcJflvvcfcft 

«3 0 1(C»LT» ifc»«xt^*^*/WR*UiV« <. dfcMi. 2% ( N ) O — gp$r 'Jy (P) , tt* (A 

tfUfctrsctaqwu*. at«3onc^y s) . ryny(sb) , t'xvx (bi ) iresa 

2*>«j*ifci:. nfi3y*?MI3 0 3*>|§jSiti:tt, lWBf*ttSrWKcf 

(firt*Lfc*-RL-0*5r<i:fcftv\ [015314*:. W2KWW) i WWItU— f 2 0 0<7> 

[0148] HRc. ztibamtito&Kmraxb 20 ^7771202 wcu. n 1 mm3 sumo. 

XW^yyrm (nMHUI) «S flOO, 300W<77t11 02. 30 

**^«<0«J^»4*m«^«rtt*jR*iarC* ( W»K) ^J»40(B*L$r*»->fcj&« % A* 7 r«2 0 

6. ZOOititLKSMt. m*v7rJl (*8 2fci>wCi. *l»tf*3ftifcWfcHllHc. KicflMI 

£ttftJI) ^UBttttBftoaAJt*, IfrFjak. IS S*i*¥IWt* ( nia^; H203) cOtt^filS, 

.fMiO&S. (£*i&£3?t::*#<;fc&$ixS. Witf. ftKJ:*IS*ttOl»l±*B«i:i-6±iW>ai«rx»f-y 

niawioartuttifivw. aw>ik ltjwo* [o 1 54] w*>. ^yyrmt lxh. mm r A 1 

m#*mm?Z®£± r )t>. 9 i-f-i Ga, In s N (O^f^l, O^ggl, 0^ 
JJvMHflfcJ&iifcjffloTO*. 30 f + gSl) j <k>9J£&27C. 3jc. Xti47C^ IIIJ£ 

[0149] fi^T. ±E«JB3JWtWWi. #ttAl Bflft^gllMHVftflJ: D»J*U:. 09 fcijcrt** 

30 2 2<DfflfiSUti:. nlny^^ hJf 3 0 3(0®mt mtM>V)*«MLX t> &\\ :w^i-7ri<0MM 

ttt. ifi^tf* t J: l JH4Ln. 4fc. A V 7T*OIHa5 ftSSti, ffiKOfcorCfcJSK, 4£. SgAAJtOfcO 

<0gJI£l2. «itf. ±E<^33at«r**WCiSLfc Tt>AV\ 4fc. fKMJWiJ£r?fc&. 0Utf. Clft 

ate ztitnmmiJu&iMt&mzi&Ba&nmR t>mmz s. z&mztmm&zmb ix . *<^mc 

[ o 1 5 o ] jjb*>» i » &xm3mmtzts» mx'&g:Zitz>*m±wz?fflxbz>. 

X. ^ryr^^mW.3 0 lXti^U a^Sttil 0 1 *» [0 155] C*lfeO#a*iffl»Wt«a*^*rtt4ii: 

A' 7 7ril 0 2X(i#^ B 3 B JI3 0 2 2 4T«5»» fci 0. SfcJ: OSS B B B tt^©V^#:«e«ii-ri»>I t 

&mvm&&GaNmsLZ'&hzttfX'*h. tn* ± GaNwtsaiifc^LTjjEwH-ty^iairri* 

ffl^JtcOInGaN tPSffl^T tfiV>. «k 0^-TI»GaNm^ B 3 B mMLT. III^Tc^cOd 

[0 15 1] ±E<0JB1. atf*3SQtfif!HcfcV^ — oS5r-1"'oy ( B ) . (T l ) TiBftLfc 

x. tSRsmmibrtvy Tmt<ofSMi. mnm2 i>(ozm^xi>&<. mw±. mm (n> o-gpsruv 

H«WT*Lfcll«r. ffiBfilSJtOAlGaN «t O^S^g ( R ) . StX ( As ) . TVf^ y ( S b ) . h'^VX 

fflftHUSHtf) AlGalnNJ; O^tS^^W ( B i ) *TBftLfct><0*fflV^Tfcft^. ^fl^tOlS 

h^3 o 3^*^ B a B ii3 o 2 2^<7)mjs B B B B£^a feaww-i^swwioisfttt*, fc 
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[0159]fcfc"U d-ITV^ r#J**Kj fc«. h E) tffcjflwtfcftv*. 

**»*>*Iiixfc 1 1 IJ^ft^^^flrtWAA [ 0 1 6 6 ] * fc . J:E04H8tW?li • IS^^'M Q 
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fc^^m*t>!$.i>m2ff)mbtt-t&mmmi8.&m imosj . ami. gfttfy^AWaN)^ -e^oi 

fli^*^*3&»4>«R4JII20«i. m 1 <Z>Jgtf>±fc:Jix [0168] it:J *T7tA 7*«J:fcI IIiBBMMWR 

fedfeRLfcJi**. WlOlOxTtttflWl-lfcxtf**^ S«fcOl§^^S^5r^iE-fSA'.y7r« (XfcL 
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,Te0^1«0Ji-CSi5nTlr^v^3<0Ji<0SajSSSr®ti: a. H2T7Xvrfx*X'<m%m. U— fggltfcJ: Off 
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